Decline in blood CD4 ⍣ lymphocytes during primary symptomatic infections with HIV is usually attributed to viral killing, and has not been considered in terms of altered lymphocyte migration and sequestration. We therefore sought to examine whether CD4 ⍣ cell loss from blood of macaques undergoing an acute primary SIV infection might be due to increased synthesis of cytokines, known to profoundly affect lymphocyte trafficking, rather than to direct lymphocyte destruction by virus. The findings indicate that rapid lymphocyte depletion following acute infection is not selective for CD4 ⍣ cells, correlates precisely with increased plasma IFN-γ and tumor necrosis factor-α levels, and is reversible. CD4/CD8 ratios in lymph nodes with high viral burdens remain relatively unchanged despite lymphocyte loss from blood. Levels of cytokine mRNA measured in lymphoid organs reflect neither cytokine plasma levels nor their potential to induce sequestration. These results support a model of cytokine-induced lymphocyte extravasation to account for the acute HIV/SIV-induced CD4 ⍣ cell lymphopenia and raise questions regarding the extent to which altered lymphocyte migration plays a role in the gradual CD4 ⍣ cell depletion throughout infection
Introduction
The immune system is the most dynamic and dispersed of needed to initiate an immune response derives from the ability of these cytokines to promote the complex cascade of all the body's systems. In order to fulfill their immune surveillance role, lymphocytes continuously circulate, migrating from interactions between selectins and integrins on leukocytes and the surface of vascular endothelial cells (EC). Thus the blood into lymphoid organs and tissues, and then returning to the blood via the lymphatics. In humans 5ϫ10 11 lymphocytokines induce EC to both up-regulate specific adhesion molecules (ICAM-1, ELAM-1 and VCAM-1) and produce cytes enter and leave the blood per day, representing 48 exchanges of cells every 24 h (1-3). The molecules which chemokines. The 'presentation' of chemokines by EC may further induce activation of integrin molecules, e.g. LFA-1, most dramatically alter this steady-state exchange of lymphocytes are the inflammatory cytokines IFN-γ and tumor necrosis and uropod formation on circulating lymphocytes resulting in their arrest and extravasation into tissues (10) (11) (12) (13) . In this factor (TNF)-α. Upon injection, infection or following immunization (4-9), these cytokines can rapidly induce depletion of context, in vitro exposure of lymphocytes to HIV (Wang et al., submitted) is known to result in increased levels of the lymphocytes from blood resulting in lymphocyte accumulation within lymph nodes or recruitment into sites of tissue injury.
L-selectin homing receptor and increased adherence to lymph node (LN) high endothelial venules (HEV). The retrafficking of cells into areas where they are most
The dramatic loss of CD4 ϩ cells from the blood observed Methods during acute primary HIV/SIV infection has been linked to Animal inoculations rates of viral replication and thought to be primarily due to destruction by virus (14) (15) (16) . However, such interpretations Three pig-tailed macaques, five rhesus macaques and one cynomolgus macaque, screened to be free of retroviral infechave disregarded any effects that viral infection or stress might have on the induction of cytokines which would result tions, were inoculated (i.v.) with PBj-14 as described previously (27, 30, 33) . All monkeys received 10 4 -10 5 TCID except in altered patterns of lymphocyte circulation and rates of extravasation from the blood. Since IFN-γ and/or TNF-α have the cynomolgus macaque which received 10 1 TCID. Two rhesus macaques (1624 and 87-506) and the cynomolgus been shown in several systems to induce non-selective and reversible lymphocyte sequestration and recruitment (17) (18) (19) (20) , macaque survived Ͼ200 days post-infection. The three pigtailed (2362, 2384 and 2375) and three remaining rhesus it is important to know how lymphocyte depletion is related to virus-induced synthesis of these cytokines for two reasons.
monkeys (1510, 16519 and 16541) were serially sacrificed during the acute infection (days 3-19 post-infection). All Firstly, increased cytokine levels induce chemokines and mediate transendothelial migration of lymphocytes from blood.
animals were bled at the times indicated. Inguinal LN biopsies were also obtained from one of the rhesus macaques (1510) Secondly, increased levels of C-C chemokines which prevent virus entry, e.g. RANTES, MIP-1-α and MIP-1β (21, 22) , or at day 5 and 10. On the day of sacrifice, single-cell suspensions were prepared from blood and LN. SIV p27 was other factors which may inactivate CD4 ϩ cells, e.g. IL-16 (22) (23) (24) , will reduce viral replication and provide the negative detected in the plasma of the macaques using a SIV p27-specific ELISA (Coulter Diagnostics, Hialeah, FL). feed-back required for normalization of cytokine and blood lymphocyte levels.
Flow cytometric analysis Since early time points of acute primary HIV infections are very difficult to obtain in humans, the present study specifically Lymphocyte subset analyses of Ficoll-Hypaque-separated peripheral blood mononuclear cells (PBMC) and LN suspenexamined IFN-γ and TNF-α production as well as lymphocyte levels in blood and LN of macaques following primary SIVsmm/ sions were determined using flow cytometric analysis as performed using a FACScan (Becton Dickinson, Mountain PBj-14 (PBj-14) infection (25) . This model was chosen because it offers several advantages: (i) the clinical, immunoView, CA) following double or triple staining of 2ϫ10 5 -10 6 cells by a panel of mouse anti-human mAb. Stains used logical and virological features of acute infection, e.g. fever, rash, lymphadenopathy, lymphopenia, CD8 lymphocytosis throughout the study were FITC-conjugated CD2 mAb, phycoerythrin-conjugated CD20 and CD4 mAb, and peridinin and high viral load, are typical of the acute illness seen during symptomatic primary HIV infections (26) (27) (28) , (ii) the rapid chlorophyll protein-conjugated CD8 mAb (Becton Dickinson). Cells were run ungated. For analysis lymphocyte gates were CD4 ϩ cell loss from blood observed following infection with several different SIV isolates (29) is best demonstrated using set using CD2 and CD20 staining. Lymphocyte subpopulations were calculated using the total white cell values obtained PBj-14, and (iii) PBj-14 induces an acute fatal disease with high viral burdens in the majority of pig-tailed and cynomolgus from a complete blood count performed on the collected blood sample. macaques while causing a milder form of the disease in most rhesus macaques (27) providing insights into the dynamics ELISA assays of lymphocyte loss and gain and disease susceptibility.
To establish that CD4 ϩ depletion in blood is part of an Circulating SIV antibodies were detected by an HIV-2 ELISA (Genetic Systems, Seattle, WA) which has been shown to be overall cytokine-induced extravasation of lymphocytes rather than cell destruction, several predictions must be met: (i) all cross-reactive for SIV antibody. The ELISA assay was run in duplicate using a plasma dilution of 1:200. The assay was lymphocytes subsets (CD4, CD8 and B) should concomitantly and non-selectively exit the blood following infection, not just run as directed except that the plates were read on a Vmax kinetic ELISA reader (Molecular Devices, Menlo Park, CA) at CD4 ϩ cells, (ii) following infection, the peak of IFN-γ/TNF-α blood levels should be closely associated with the peak of 650 nm. Values of milli-OD per minute minus background were used as ELISA units. IFN-γ (primate specific), TNF-α CD4 ϩ lymphopenia, (iii) increased levels of IFN-γ and TNF-α should occur in pig-tailed macaques which exhibit greater (Biosource, Camarillo, CA) and IL-6 (R&D Systems, Minneapolis, MN) levels in plasma or serum were determined disease severity, and (iv) CD4 ϩ and CD8 ϩ cell levels as well as CD4/CD8 ratios in LN should remain within normal levels using ELISA kits according to the manufacturer's instructions. despite the greatly reduced lymphocyte numbers in blood.
RT-PCR for the quantitation of cytokine mRNA The results indicate that the rapid and reversible losses of blood lymphocytes during acute primary infection are intimAnalysis of IL-6, IFN-γ and TNF-α mRNA levels was done by RT-PCR essentially as described previously (34) . Briefly, total ately associated with virus induced increases in plasma levels of IFN-γ and TNF-α. These losses from the blood occur without RNA was isolated from sequential monkey PBMC and lymphoid tissues using 4 M guanidium isothiocyanate and corresponding changes in lymphocyte subsets in LN despite high numbers of SIV RNA ϩ cells. The data provide strong reversed transcribed using random hexamers and murine leukemia virus reverse transcriptase (Promega, Madison, WI). evidence that changes in migration patterns of lymphocytes, independent of the rates of lymphocyte destruction and
The cDNA quality was then verified by amplification of GAPDH message. Samples giving suboptimal GAPDH signal were renewal, may account for a significant part of the blood CD4 ϩ cell depletion and reiterate the differences in lymphocyte not included in the data. cDNA aliquots corresponding to 0.5 µg total RNA were then amplified with primer pairs specific composition between blood and lymphoid organs (30) (31) (32) .
for the various primate cytokines, in parallel to known copy Association between disease susceptibility, increased plasma IFN-γ and TNF-α cytokine levels and lymphocyte depletion numbers of the respective cytokine clone. The amplification products were then analyzed by gel electrophoresis, Southern from the blood blot and hybridization to an internal digoxigenin-labeled To assess the relationship between severity of primary infecprobe. Detection and quantitation of cytokine mRNA levels tions, cytokine levels and the degree of lymphopenia, three were done using the chemiluminescent Genius system highly susceptible pig-tailed macaques and three less sus-(Boehringer Mannheim, Indianapolis, IN) and densitometry, ceptible rhesus macaques were sacrificed serially following relative to the signal obtained with the defined copy numbers infection, and monitored for changes in total T cells, B cells, of the cytokine clones.
CD4 ϩ cells and CD8 ϩ T cells as well as plasma IFN-γ and TNF-α levels. Figure 2 compares the three pig-tailed In situ hybridization macaques (2362, 2384 and 2375, left panel) which were In situ hybridization was performed essentially as described sacrificed at days 3, 7 and 8 post-infection with the three (35) with digoxigenin-labeled RNA probes generated by rhesus macaques (1510, 16519 and 16541, right panel) SP6 or T7 polymerase transcription from 1-2 kb subclones sacrificed at days 14, 17 and 19 post-infection. While all spanning the entire SIV 239 genome (Lofstrand, Gaithersburg, macaques became SIV DNA ϩ by PCR analysis of blood and MD). Briefly, formalin-fixed, paraffin-embedded tissue sec-LN (not shown), only 2384, 2375 and 1510 became p27 ϩ tions were hybridized with 1.75 ng/ml of riboprobe at 52°C with peak levels of 11.2, 4.72 and 0.27 ng/ml at days 7, 8 and overnight, washed sequentially in 2 ϫ SSC/50% formamide 10 respectively. Once again, marked unselective lymphocyte solution, 2ϫSSC and treated for 30 min in an RNase solution depletion and high IFN-γ production are observed in the at 37°C (RNase T1 and RNase A). The slides were blocked p27 ϩ animals and correlate with viral burden and disease with a buffer containing 2% horse serum, 150 mM NaCl and susceptibility. At the earliest time point (day 3 post-infection), 100 mM Tris, pH 7.4, for 1 h. Following non-specific blocking, the pig-tailed macaque 2362 had become SIV DNA ϩ but the slides were incubated for 1 h with sheep anti-digoxigenin plasma IFN-γ levels and the numbers of circulating T and B alkaline phosphatase conjugate (Boehringer Mannheim) at a cells still remained at pre-challenge levels. By days 7 and 1:500 dilution, rinsed in Tris, pH 7.4, and incubated overnight 8 post-infection both pig-tailed monkeys 2384 and 2375 at room temperature with NBT/BCIP (Vector, Burlingame, CA) contained Ͼ10 5 SIV RNA copies/ml plasma, had very high substrate in the dark. The stained slides were rinsed in plasma IFN-γ levels (4500 and 1500 pg/ml respectively) and water, couterstained with nuclear fast red, dehydrated and exhibited dramatic declines in all lymphocyte subsets from coverslipped. Controls included SIV sense probe hybridized the blood. These losses amounted to an 84 and 96% loss of on SIV-infected tissue and anti-sense SIV probe on uninfec-CD4 ϩ cells, 90 and 90% loss of CD8 ϩ cells, and 83 and 97% ted tissues.
loss of B cells in 2384 and 2375 respectively. In the case of the rhesus macaque (1510), a smaller 4-fold increase in the level of plasma IFN-γ corresponded to a more delayed and Results less complete cell loss (70% for T cells, 72% for B cells between days 7 and 10). The two remaining SIV DNA ϩ , p27 -Association between cytokine levels and lymphocyte rhesus monkeys exhibited little or no changes in IFN-γ levels, depletion in acutely SIV-infected macaques and T cells and B cell counts remained within the normal In comparison to a selective CD4 ϩ lymphocyte loss that killing range of variability. by virus would presuppose, the extravasation of lymphocytes Although not shown in Fig. 2 , the kinetics of plasma TNF-α from the blood induced by IFN-γ alone has been shown to production in the pig-tailed macaques 2384 and 2375 were affect both T and B lymphocyte subsets (4). The nature of identical to those seen with IFN-γ, peak values of 100 and the relationship between plasma IFN-γ levels and the numbers 200 pg/ml occurring at day 7 and 8 respectively. TNF-α did of CD4 ϩ , CD8 ϩ and CD20 ϩ cells in blood was initially remain negative or at background levels in the PBj-14-infected examined in three SIV-PBj-14-infected monkeys (70, 1624 rhesus monkeys suggesting that the lymphocyte loss in 1510 and 87-506) which survived acute primary infection, with viral may have been due predominantly to IFN-γ or that the levels RNA levels of Ͼ5ϫ10 5 copies/ml. The results seen in Fig. 1 in this monkey were beneath the sensitivity of the ELISA assay. clearly show no CD4 ϩ selectivity and indicate rapid depletion Overall, these results indicate the propensity of lymphocytes of CD4 ϩ , CD8 ϩ and CD20 ϩ lymphocyte subsets from the to quickly exit blood following PBj-14-induced increases in blood following infection (average loss of CD4 ϩ ϭ 88%, plasma IFN-γ and TNF-α levels. Accordingly, normal migration CD8 ϩ ϭ 86% and CD20 ϩ ϭ 91%). This depletion is intimately patterns persisted while plasma cytokine levels remain associated with increased IFN-γ production: peak IFN-γ levels unaltered. The threshold levels at which cytokine/s exert their corresponding exactly with maximum lymphopenia. Coneffects on lymphocyte extravasation in vivo may vary among versely, CD4 ϩ , CD8 ϩ and B cells return to the blood concomitindividuals and will require a larger cohort to be accurately antly with declining IFN-γ levels. This later phase is complex evaluated. because, in addition to potentially different retention rates of Expression of IFN-γ and TNF-α mRNA in different organs lymphocyte subsets within lymphoid organs, a blood CD8 ϩ following acute PBj-14 infection cell lymphocytosis typically follows the lymphopenia during acute SIV/HIV primary infections. The time of peak p27 levels Systemic plasma levels of cytokines such as IFN-γ and TNF-α as measured by ELISA or biological assays are usually in 70 (60 ng/ml), 1624 (10 ng/ml) and 85-706 (10.3 ng/ml) correlated with maximum lymphocyte depletion in each case.
assumed to be a measure of the synthesis and secretion of these molecules by the entire immune system. Since SIV/HIV in spleen and LN were often as high as those seen following infection (Ͼ100,000 copies). Large differences in the mRNA replication, and presumably the localized effects of virus on cytokine responses, are more prominent in lymphoid tissue, expression of a single cytokine occurred between individual monkeys and between different tissues within the same the induction and kinetics of IFN-γ and TNF-α cytokine expression during acute infection was examined ex vivo by RT-PCR.
monkey, e.g. in LN of 1510 (4000, Ͻ100 and 30,000 copies IFN-γ mRNA in axillary, inguinal and mesenteric LN respect- Table 1 compares the mRNA copy number at the time of necropsy in 0.5 µg total cellular RNA derived from blood, ively). Although control values in thymus were not obtained due to poor RNA quality and a scarcity of thymuses, cytokine spleen, LN and thymus of the six macaques shown in Fig. 2 . IL-6 mRNA expression, known to be increased in PBj-14 levels were seen to increase with time post-infection suggesting delayed infection of this organ. Surprisingly, increases infections (36), was used as a control. mRNA levels of each cytokine tested were markedly elevated above uninfected in IFN-γ and TNF-α mRNA expression induced by virus appears to reflect neither plasma levels nor their potential to control tissues (4000-80,000 versus 40-6300 mRNA copies for IFN-γ, 800-60,000 versus 130-850 copies for TNF-α). It is induce sequestration. For example, high mRNA levels for IFN-γ, TNF-α and IL-6 were detected in spleen and blood of noteworthy that while variable but low background synthesis of IFN-γ and TNF-α mRNA levels were observed in blood, LN macaques 2362 (day 3 post-infection), 16519 (day 14) and 16541 (day 19) without observable increase in plasma levels of and spleen in uninfected macaques, IL-6 pre-infection levels the corresponding cytokines or changes in blood lymphocyte LN were also obtained at days 5 and 10 post-infection spanning the periods of both lymphocyte depletion and numbers.
reappearance. The results indicate that the proportions of T Absence of CD4 ϩ cells depletion in LN during primary blood lymphocyte subsets in LN of infected animals were virtually lymphopenia indistinguishable from those of uninfected controls (CD4%, 31-59%; CD8%, 12-31%; CD4/CD8 ratios, 1.2-2.9). In addiBlood CD4 ϩ cell loss in infected HIV/SIV individuals is generally believed to result from viral killing or other causes of cell tion, the LN size ( ϭ weight) from these animals was either normal or larger, providing no evidence that marked depletion death and to reflect an equivalent loss of lymphocytes in all lymphoid organs. However, if lymphocyte depletion results of CD4 ϩ cells in LN had occurred despite the 70-84% losses in lymphocyte levels in blood. In order to demonstrate that from extravasation of the small blood lymphocyte compartment (1-2% of the total lymphocyte pool) (37) , the number of high viral burdens did exist in these LN at this time, LN sections were examined by in situ hybridization for the number emigrating cells entering organs throughout the body would be too small to impact on the T cell composition of any of SIV RNA ϩ cells. Figure 3 (A-C) shows the levels of SIV RNA ϩ expression in the three pig-tailed macaques (2362, particular lymphoid organ. Thus, the percentages of CD4 and CD8, and CD4/CD8 ratios would remain within the normal 2384 and 2375) at days 3, 7 and 8, and indicate that while no signal was observed at the earliest time point, the antisense ranges and phenotypic analysis of the lymphocyte populations in an individual LN may not be expected to indicate the probe hybridized to numerous lymphocytes and macrophages at days 7 and 8 post-infection. presence of the sequestered cells. Table 2 describes the percentages of CD4 and CD8 cells, CD4/CD8 ratios and weights of axillary, inguinal and mesenteric LN obtained at Discussion necropsy from the two pig-tailed macaques (2384 and 2375) and the one rhesus macaque (1510) which exhibited lymphoAntigenic stimulation and virus infections in particular have previously been shown to alter the magnitude and patterns cyte depletion from the blood. In the case of 1510, inguinal of lymphocyte traffic (5-9). The present study utilized the SIVappear to promote lymphocyte extravasation (5) (Hay, pers. commun.). monkey model to ascertain whether the primary CD4 ϩ cell depletion seen following acute primary HIV/SIV infections The lymphocyte extravasation initiated by IFN-γ and TNF-α derives from their ability to increase the adhesion of lymphowas primarily a result of cytokine-induced sequestration or marginalization of all lymphocyte subsets or a selective CD4 cytes to endothelium via the induction of adhesion molecules, e.g. ICAM-1, VCAM-1, ELAM-1 and MAdCAM-1, and MHC cell loss due to the direct effects of virus. The findings indicate that in all p27 ϩ macaques, rapid lymphocyte loss is not class II molecules on vascular EC and to induce chemokinemediated activation of integrin molecules, e.g. LFA-1 and restricted to CD4 ϩ cells, but involves marked depletion of CD4, CD8 and B lymphocytes, and is intimately linked to VLA-4 on lymphocytes. In vitro, synergy between IFN-γ and TNF-α has been observed for the expression of the ICAM-1 virus-induced increases of IFN-γ and TNF-α; factors known for their ability to non-selectively promote lymphocyte extraand ELAM-1 adhesion molecules (41) and production of the RANTES chemokine by various EC (42,43). Presumably vasation. These findings are in agreement with case reports describing CD4 and CD8 lymphopenia in HIV ϩ individuals synergy in vivo also enhances lymphocyte cell adhesion and migration into tissues, and may account for the lower levels undergoing symptomatic primary infections (38) (39) (40) . It should be noted that, while many cytokines may be increased during of lymphocyte depletion in 1510 which had no detectable TNF-α. infection, IL-1, IL-2, IL-6, IL-8, TNF-β or prostaglandins do not No signal was observed using the sense probe on any tissue.
Following maximal lymphopenia at peak cytokine levels, all lead to the migration of sequestered lymphocyte subsets back into the blood. Although many individual chemokines lymphocyte subsets reappeared in the blood, albeit at different rates, e.g. macaque 70 (Fig. 1) . The mechanisms which appear to be chemotactic for T and B lymphocyte subsets in vitro (13, (48) (49) (50) , their ability to promote selective chemotaxis determine transit times of cells through tissues are still relatively unknown. Clearly, increased binding of lymphocyte (and retention) in vivo is currently uncertain. In addition to the impact that migration patterns may have adhesion molecules, e.g. VLA-4 and VLA-5 to VCAM-1 and fibronectin on the fibroblastic reticular cell conduit system on the quantitation of blood lymphocytes levels, selective trafficking and trapping of lymphocytes in infected lymphoid (11, 12, 47) , facilitates lymphocyte retention in LN. However, in the case of HIV/SIV-infected individuals, exit of CD4 ϩ cells organs may also complicate any assessment of the overall qualitative changes in lymphocyte subsets and function when from lymphoid organs may be further delayed as a result of lymphocyte activation by virus (44), trapping of lymphocytes only blood samples are assayed. For example, the functional or phenotypic loss of memory cells and/or naive cells (51,52) by viral antigen, e.g. gp120 expressed on infected cells or in the form of antibody-complexed virions bound to the reticulum from PBMC of HIV-infected individuals may differ because each sample represents only a 'snapshot' of the immune of follicular dendritic cells (45) , or CD4 ϩ cell cluster formation (46) . In this context, chemokines such as RANTES, MIP-1α system. In the present study an increase in the proportion of CD45RA hi CD4 ϩ cells in blood was observed during primary and MIP-1β may play dual roles. Initially, chemokines may promote the recruitment and accumulation of T and B lymphoinfection of the rhesus macaque 1510 (not shown). However, it is not clear to what extent this reflects an overall increase cyte subsets to particular sites in vivo (13, (48) (49) (50) . On the other hand, inhibition of viral replication by chemokines may in resting naive CD45RA hi cells, retention in LN of activated CD45RA lo cells or rapid reversion of CD45RA lo 'memory' cells negatively impact on the levels of chemokine synthesis and to CD45RA hi 'naive' cells which has been shown to occur increased numbers of IFN-γ and TNF-α mRNA ϩ cells in in vivo in both animal and human studies (19, 53, 54) .
hyperplastic HIV ϩ LN and blood throughout infection (61-63) The strongest evidence that cytokine-induced sequestration certainly provide the appropriate environment for enhanced rather than viral killing is largely responsible for the rapid lymphocyte extravasation. However, the most persuasive evidlymphocyte depletion in blood is provided by the lack of ence that sequestration occurs is the observation that large major effects on CD4 ϩ and CD8 ϩ lymphocyte subsets in reduction in viral load following drug treatment of HIV-infected infected LN known to contain high virus loads. It is unlikely patients with protease inhibitors leads to increases in both that lymphocyte proliferation stimulated by PBj-14 could CD4 ϩ and CD8 ϩ cells in blood. Furthermore, although account for these results since this isolate is known to increases in CD4 ϩ and CD8 ϩ cells exhibit similar kinetics, induce proliferation of both CD4 ϩ and CD8 ϩ cells, and the there is often a poor relationship with the reduction in virus background proliferation in cultures of the LN examined in levels (64) (Liebowicz, submitted). Such findings are more this study was minimal (55) (unpublished observations). The consistent with a non-selective re-entry of sequestered T cells absence of significant loss of CD4/CD8 ratio in LN is consistent from lymphoid tissues into the blood rather than reduced viral with the non-selective trafficking from the blood and suggests killing of the CD4 ϩ cell population. The use of anti-cytokine that the large numbers of LN cells containing SIV RNA ϩ are antibodies may further clarify the contribution of lymphocyte not being destroyed as a result of viral replication. The sequestration during asymptomatic infection. presence of provirus in resting cells (56) undetectable plasma IFN-γ and an absence of SIV RNA ϩ cells (Fig. 3A) , contained very high cytokine mRNA expression at day 3 post-infection. These data suggest that, although infection of CD4 ϩ cells and macrophages clearly provides Abbreviations sufficient signals to induce cytokine mRNA, corresponding cytokine mRNA synthesis in control uninfected macaques makes it unlikely that high pre-infection IFN-γ and TNF-α mRNA levels could have accounted for these findings. In addition, the observed variability in IFN-γ mRNA levels among References different LN from a single infected individual monkey and the
